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BALSAM ENVIRONMENTAL CONSULTAU1 

NEW BEDFORD HARBOR THIN LAYER 
SEDIMENT SAMPLING PROGRAM 

1.0 INTRODUCTION 

Following a review of existing data characterizing New Bedford Harbor 

sediments, it was determined that additional sediment quality data would 

permit better definition of the vertical distribution of PCBs and heavy metals in 

New Bedford Harbor sediment. As such, a sampling program to allow more 

accurately estimation of the rate of PCB and heavy metal flux was designed and 

implemented. This sediment sampling program was prepared by 

Dr. W. Frank Bohlen of the University of Connecticut and Balsam 

Environmental Consultants, Inc. (Balsam), and was subsequently undertaken 

under the direction of Balsam. 
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2.0 FIELD PROGRAM IMPLEMENTATION


During the week of December 12, 1988, Balsam and University of Connecticut 

personnel implemented the sample collection phase of this thin layer sediment 

sampling progiam. Prior V implementation of the field program, written 

protocol were developed for the conduct of this work. A copy of these protocol is 

included as Appendix A. 

In developing these sampling protocol, two depositional regimes were identified 

as preferred sampling stations. One sampling station was to be located at an 

area in or adjacent to the so called "hot spot" area located east and southeast of 

the Aerovox, Inc. facility. The location of this sampling station, designated as 

Station FX, is shown on Figure 1. 

The second preferred sampling area was to be located in an area of above 

average sediment deposition with moderately elevated PCB sediment 

concentrations. The southwestern cove of the upper estuary was selected as the 

location for this second sampling station. The sampling station selected to 

represent this sediment depositional regime, designated as Station DR, is also 

shown on Figure 1. 

Following collection of sediment core samples from the two designated sampling 

stations, samples were transported by field sampling personnel to University of 

Connecticut laboratory facilities for further processing. Activities at the 

University of Connecticut laboratory included sectioning of samples into one to 

four centimeter thick subsections which were then delivered to an analytical 

laboratory for chemical analysis. Sample subsectioning protocol are included as 

part of Appendix A. 

Following completion of sample subsectioning and labeling, samples were 

personally delivered to Cambridge Analytical Associates, Inc. (CAA) for chemical 

analysis of PCBs, mercury, chromium, copper, lead and zinc. 
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3.0 PROGRAM RESULTS 

PCB and heavy metal analyses were performed on forty-four (44) sediment 

samples collected from the two sampling stations within the upper estuary, as 

well as additional quality assurance/quality control (QA/QC) samples. Analytical 

results for analysis of the twenty-two (22) sediment samples from each of 

Stations FX and DR are summarized in Tables 1 and 2; Table 1 presents results 

of PCB analyses, and Table 2 presents results of metals analyses. Analytical 

reports received from CAA are included as Appendix B. 

Initial review of PCB analyses performed as part of this thin layer sediment 

sampling program indicate significant vertical stratification of PCBs in upper 

estuary sediments. In particular, the series of vertical subsection samples 

located in the vicinity of the area referred to as the "hot spot" indicated PCBs to 

be primarily present in the upper 12 inches (approximately 30 centimeters) of 

sediment, with only very low concentrations of PCBs (less than 1 part per 

million (ppm)) present at depths greater than 12 inches. It is also significant to 

note that the upper subsection samples collected from Station FX (i.e., 

0-6 centimeters) were lower in PCB concentration than those collected from the 

6-12 centimeter interval. The existing EPA sediment analytical database for the 

upper estuary, which is based primarily on 12-inch sediment intervals, may 

overestimate surficial sediment PCB concentrations in areas where elevated PCB 

concentrations are reported present in estuary sediments. As an example, the 

calculated weighted average total PCB concentration for the 0 to 12 inch 

sediment interval at Station FX is 3,060 ppm as shown in Table 3. However, as 

shown in Table 1, the surficial sediment ( 0 - 1 cm) at Station FX was reported 

to contain 1,600 ppm of PCB, or approximately half of the weighted average 

total PCB concentration calculated for the 0 to 12 inch sediment interval. 

Similar PCB depositional trends were also observed in the sample collected from 

the Station DR. 
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The weighted average PCB concentration was calculated in order to allow data 

from the thin layer sediment sampling program to be compared to existing 

analytical data. PCB weighted average concentrations were estimated for the 

0 to 6 inch, 6 to 12 inch, and 0 to 12 inch sediment intervals at both stations 

FX and DR utilizing the thin laver sediment sampling analytical data. The 

weighted-averaging technique provides for weighting of each PCB concentration 

by the magnitude of the depth interval (1 cm to 4 cm) with which it was 

associated. To make these calculations, the following equation was used: 

c = G! x dj + Ca x d2 + c3 x d3 + . . . + c, x d, 

dt dt dt dt 

where: c = average concentration over depth dt 
q = discrete sample concentration for depth interval d, 
d, = discrete depth interval 
dt = total depth interval 

Thus, a PCB concentration from a 4 centimeter sediment interval sample was 

weighted twice as much as a PCB concentration from a 2 centimeter sediment 

interval sample. These estimates are presented as Table 3. Review of these 

estimates indicate that the majority of PCB present in the vicinity of sampling 

stations FX and DR is within the upper 6 inches of sediment. 

In reviewing heavy metal analysis performed on samples from stations DR and 

FX, similar types of trends were also noted, although the depths of 

contamination and magnitude of concentration decline varied. As an example, a 

review of the chromium, copper, lead and zinc analytical data for Station FX 

showed moderate metals concentrations in surficial and near surface sediment 

samples (up to 6 centimeters in depth) as compared to somewhat deeper 

sediment samples (the 6 to 28 centimeter depth interval), and markedly reduced 

concentrations as sediment sample depth increased. 

August 11, 1989 DRAFT 
Balsam Project 6292:1206 Page 4 



BALSAM ENVIRONMENTA. CONSULTANTS INC


4.0 ANALYTICAL DATA ASSESSMENT


As a means to evaluate the performance of the analytical laboratory as well as 

field protocol, a series of quality control (QC) samples were submitted to CAA. 

A total of six blind QC samples consisting of two duplicate sediment samples, 

two duplicate sediment control samples, one blank water sample, and one wash 

water sample were submitted as part of the QA/QC program. Duplicate and 

control sediment samples were submitted to evaluate the ability of the 

laboratory to reproduce analytical results. Control samples were also submitted 

to the analytical laboratory to evaluate their ability to quantify constituent 

concentrations in samples. A blank sample was submitted to the analytical 

laboratory to evaluate possible introduction of extraneous contamination to the 

sample by the analytical laboratory, whereas the wash water sample was 

submitted to evaluate possible contamination introduction to samples due to 

sampling protocol or inadequate sampling equipment decontamination. 

The two duplicate sediment samples were selected from locations believed to 

contain differing levels of PCBs and metals. A duplicate sample of subsection 

sample FX-32 was selected as a lower concentration duplicate sediment sample, 

where as a duplicate sample of subsection sample DR-6 was submitted as a 

sample believed to contain moderate levels of PCBs. 

A large volume of homogenized Long Island sediment currently maintained by 

the University of Connecticut which had previously been analyzed for lead, zinc 

and copper was selected as a suitable source for sediment control samples. 

These samples were designated as DR-56 and DR-60. 

As a source of blank water, the University of Connecticut provided Balsam with 

distilled water from the University of Connecticut distillation unit which obtains 

its water from the Groton, Connecticut public water supply. Finally, as a field 
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control or wash water sample, Balsam collected a sample of wash water used as 
a final rinse for sediment sampling equipment while in the field. 

Based on a review of analytical QA/QC program results summarized in Table 4, 
PCB sediment analytical data were judged to be reliable with the exception that 
low levels of PCB reported present in samples may be attributed to laboratory 
contamination. Zinc, copper, chromium and lead sediment analytical data were 
judged to be approximate in nature; in addition, low levels of these metals 

reported present in sediment samples may be attributed to laboratory 
contamination. Mercury analytical data were judged to be acceptable as 
reported. 
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5.0 SUMMARY 

The results of this thin layer sediment sampling program indicate the presence 
of marked vertical stratification of both PCBs and heavy metals in New Bedford 
Harbor sediments. Significant data have been gathered regarding vertical 
stratification of these constituents in estuary sediments, as well as a better 
means to estimate actual surficial contaminant concentrations in estuary 
sediments utilizing sediment analytical data for larger sediment intervals (e.g. 

0-6 inches or 0-12 inches). 
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TABLE 1 
NEW BEDFORD HARBOR 

THIN LAYER SEDIMENT SAMPLING PROGRAM 
PCB ANALYSES 

SAMPLE SAMPLE AROCLORS 
DESIGNATION DEPTH(cm) 1242/1016(ppm) AROCLOR1254(ppm) 

FX - 1 0 - 1 1,300 300 
FX - 2 1 - 2 1,100 230 
FX - 3 2 - 3 1,800 350 

F X - 4 3 - 4 2,900 390 
FX - 6 4 - 6 3,300 480 
FX - 8 6 - 8 5,600 740 

FX - 10 8 - 10 6,300 900 
FX - 12 10 - 12 5,700 870 
FX - 14 12 - 14 2,600 1,400 

FX- 16 14 - 16 3,700 1,400 
FX- 20 16- 20 1,300 1,200 
FX - 24 20 - 24 480 1,000 

FX- 28 24 - 28 28 260 
FX - 32 28 - 32 3.8 27 
FX- 36 32 - 36 0.1 0.09 

FX- 40 36 - 40 0.08 0.02 
FX - 44 40 - 44 0.12 0.02 
FX - 48 44 - 48 0.22 0.04 

FX- 52 48 - 52 0.32 0.04 
FX - 56 52 - 56 0.45 0.08 
FX - 60 56- 60 ND(O.Ol) ND(O.Ol) 
FX - 64 60 - 64 ND(O.l) ND(O.l) 

Notes: 1) All concentrations are in milligrams per kilogram (ppm) dry 
weight basis. 

2) ND (-) means not detected (at instrument detection limit). 
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TABLE 1 (CONTINUED) 

SAMPLE SAMPLE AROCLORS 
DPSIGNATION DEPTH(cm) 1242/1016(ppm) AROCLOR 1254(ppm) 

DR- 1 0 - 1 160 61 
DR - 2 1 - 2 210 80 
DR - 3 2 - 3 160 59 

DR - 4 3 - 4 130 50 
DR - 6 4 - 6 140 64 
DR - 8 6 - 8 210 95 

DR - 10 8 - 10 170 87 
DR - 12 10 - 12 140 58 
DR - 14 12 - 14 110 49 

DR - 16 14 - 16 90 54 
DR - 18 16 - 18 49 34 
D R - 2  0 18 - 20 23 12 

D R - 22 20 - 22 6.8 2.5 
DR - 24 22 - 24 4.1 0.92 
DR - 26 24 - 26 0.4 0.14 

D R  - 28 26 - 28 1.2 ND(O.l) 
DR - 30 28- 30 ND(0.02) ND(0.02) 
DR - 32 30- 32 ND(0.05) ND(0.05) 

DR- 36 32- 36 ND(0.05) "NDCO.OS) 
DR- 40 36 - 40 ND(0.05) ND(0.05) 
DR - 44 40 - 44 ND(0.05) ND(0.05) 

DR - 48 44 - 48 ND(0.05) ND(0.05) 

Notes: 1) All concentrations are in milligrams per kilogram (ppm) dry 
weight basis. 

2) ND (-) means not detected (at instrument detection limit). 
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TABLE 2 
NEW BEDFORD HARBOR 

THIN LAYER SEDIMENT SAMPLING PROGRAM 
METALS ANALYSES 

SAMPLE SAMPLE 
DESIGNATION DEPTH CHROMIUM COPPER MERCURY LEAD ZINC 

(cm) (ppm) (ppm) (ppm) (ppm) (ppm) 

FX - 1 0 - 1 890 1,300 1.98 680 1,900 
FX- 2 1 - 2 860 1,200 1.88 660 2,000 
FX- 3 2 - 3 840 1,200 1.89 590 1,600 
F X - 4 3 - 4 860 1,200 1.59 630 1,900 
FX - 6 4 - 6 1,000 1,400 1.72 750 2,500 
FX - 8 6 - 8 1,600 2,300 2.46 1,200 4,100 

FX - 10 8 - 10 1,200 1,900 2.49 920 3,600 
FX - 12 10 - 12 1,800 3,000 3.08 1,200 5,500 
FX - 14 12 - 14 1,400 2,800 2.97 1,100 4,000 

FX - 16 14 - 16 660 1,400 1.53 560 1,900 
FX - 20 16 - 20 530 1,800 2.61 1,000 3,300 
FX - 24 20 - 24 260 1,100 1.60 730 3,200 
FX - 28 24 - 28 280 1,700 2.29 990 4,000 
FX - 32 28 - 32 99 800 2.66 510 2,200 
FX - 36 32 - 36 35 560 2.31 390 1,500 

FX - 40 36 - 40 27 270 2.15 240 490 
F X - 4  4 40 - 44 23 130 2.58 100 150 
FX-4  8 44 - 48 28 61 0.443 52 86 

FX- 52 48 - 52 24 14 <0.136 43 
FX- 56 52 - 56 29 21 <0.207 25 67 
FX- 60 56 - 60 22 7.8 <0.195 <20 54 
FX - 64 60 - 64 23 7.3 <0.206 20 51 

Notes: 1) All concentrations are in milligrams per kilogram (ppm) dry 
weight basis. 

2) Total metals concentrations are reported. 

3) "<" means not detected at the level indicated. 
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TABLE 2 (CONTINUED) 

SAMPLE SAMPLE 
DESTINATION DEPTH 

(cm) (ppm) 

DR - 1 0 - 1 860 1,300 1.50 380 2,000

DR - 2 1 - 2 900 1,400 1.47 420 2,100

DR - 3 2 - 3 810 1,300 1.25 350 2,400


DR - 4 3 - 4 360 570 0.906 300 870

DR - 6 4 - 6 710 1,100 1.34 390 1,600

DR - 8 6 - 8 730 1,300 1.09 470 1,700


DR - 10 8 - 10 680 1,200 1.15 490 1,600

DR - 12 10 - 12 540 980 1.14 350 1,500

DR - 14 12 - 14 670 670 0.691 290 930


DR - 16 14 - 16 310 700 1.14 290 900

DR - 18 16 - 18 420 910 1.08 890 1,100

DR - 20 18 - 20 78 350 0.589 280 610


DR - 22 20 - 22 26 160 0.268 84 240

DR - 24 22 - 24 12 130 0.312 98 280

DR - 26 24 - 26 2.9 54 0.245 38 110


DR - 28 26 - 28 <2.3 24 0.118 21 71

DR - 30 28 - 30 <2.4 20 <0.122 25 40

DR - 32 30 - 32 <2.5 6.5 <0.126 31 13


DR -36 32 - 36 <2.4 7.0 <0.109 <12 9.2

DR - 40 36 - 40 4.1 5.6 <0.122 <12 8.9

DR - 44 40 - 44 3.6 5.5 <0.120 <12 8.0


DR - 48 44 - 48 <2.4 4.3 6.0 

Notes: 1) All concentrations are in milligrams per kilogram (ppm) dry 
weight basis. 

2) Total metals concentrations are reported. 

3) "<" means not detected at the level indicated. 
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TABLE 3 
NEW BEDFORD HARBOR 

TfflN LAYER SEDIMENT SAMPLING PROGRAM 
ESTIMATED PCB CONCENTRATIONS 

STATION FX 

INTERVAL CONSTITUENT 
AROCLORS 1242/1016 AROCLOR 1254 

(ppm) (ppm) 

inches cm 

0 - 6 0 - 15 3,900 760 
6 - 12 15 - 30 730 750 
0 - 12 0 - 30 2,300 760 

STATION PR 

INTERVAL CONSTITUENT 
AROCLORS 1242/1016 AROCLOR 1254 

(ppm) (ppm) 

inches cm 

0 - 6 0 - 15 150 67 
6 - 12 15- 30 17 10 
0 - 12 0 - 30 85 39 

Notes: 1) All concentrations are in milligrams per kilogram (ppm) dry 
weight basis. 

2) PCB concentrations shown are weighted average values. 
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SAMPLE 
DESIGNATION 

FX-68 
(Duplicate of FX-32) 

FX-32 

DR-52 
(Duplicate of DR-6) 

DR-6 

DR-56 
(Sediment control) 

DR-60 
(Sediment control) 

FW-1 
mg/1 (Water blank) 

DRW-2 
mg/1 (Wash water) 

Notes: 1) 

2) 

3) 

4) 

BALSAM ENVIRONMENTAL CONSULTANTS INC 

TABLE 4


QUALITY CONTROL DUPLICATE AND BLANK SAMPLES


AROCLORS AROCLOR 
1242/1016 1254 CHROMIUM COPPER MERCURY LEAD ZINC 

(ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) 

3.2 22.3 92 980 2.62 620 2,500 

3.8 27 99 800 2.66 510 2,200 

210 82 780 1,300 1.27 460 2,000 

140 64 710 1,100 1.34 390 1,600 

ND(0.1) ND(0.1) 51 85 0.33 70 170 

ND(0.2) ND(0.2) 41 82 0.314 77 140 

0.029 0.011 0.093 0.054 <0.0002 0.08 0.110 

ND(0.0001) NIK0.0001) 0.015 0.011 <0.0002 0.19 0.018 

All sediment concentrations are in milligrams per kilogram (ppm) dry 
weight basis, All water concentrations are in milligrams per liter 
(ppm). 

Total metals concentrations are reported. 

ND (-) means not detected (at instrument detection limit). 

"<" means not detected at the level indicated. 
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BALSAM ENVIRONMENTAL CONSULTANTS 

D R A F T 

NEW BEDFORD HARBOR 
THIN LAYER SEDIMENT SAMPLING PROGRAM 

DECEMBER 1988 SAMPLING PROGRAM 

1.0 INTRODUCTION 

In support of work currently being performed for Nutter, McClennen & Fish and 

the defense counsel to evaluate conditions and environmental mechanisms 

existing at the New Bedford Harbor Superfund site, W. Frank Bohlen, Ph.D., 

has prepared a proposal to better describe small-scale vertical distribution of 

sediment column PCBs and heavy metals. Balsam Environmental Consultants, 

Inc. (Balsam) reviewed this proposal and recommends proceeding with the scope 

of work presented with some modifications. Data obtained from this sampling 

program should provide much higher resolution information regarding small-

scale vertical distribution of contaminants in New Bedford Harbor sediments. 

Balsam has developed a sampling program to collect data allowing further 

assessment of small-scale vertical distribution of sediment column PCBs and 

heavy metals proposed by Dr. Bohlen. This sampling program is to be 

undertaken during the week of December 12, 1988. 

To establish standard sampling practices prior to initiation of this sampling 

effort, sampling protocol have been developed for tasks proposed to be completed 

under this sampling program. These protocol are presented in the remainder of 

this document. 
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2.0 SAMPLE COLLECTION 

Sediment core samples will be obtained to provide data for the assessment of 

the occurrence of PCBs and heavy r-stals vertically in the sediment column of 

New Bedford Harbor. The metals to be evaluated are: mercury, chromium, 

copper, lead and zinc. A general protocol has been developed for the collection 

of sediment samples to provide data for this study. 

Sediment core samples will be obtained using 3-inch-diameter Schedule 80 PVC 

core barrel samplers. The samplers were constructed with tapered cutting heads 

to allow sample collection with minimal sample disturbance and to increase 

sample recovery. The core barrel samplers will be installed on sampler 

extensions to allow pushing or driving of the sampler into marine sediments to a 

depth of up to 24 inches. After the sampler has been advanced 18 to 24 inches 

or to refusal, whichever occurs first, the sampler will be slowly withdrawn from 

the sediments and retrieved on board the sampling vessel. 

Collection of sediment samples will be performed from boats equipped to conduct 

aquatic sediment sampling. Vessels will be equipped with all necessary 

equipment required for collection of sediment samples, pumps and apparatus to 

be used during equipment decontamination, appropriate safety gear for over

water sampling efforts, and electronic navigational equipment to permit accurate 

determination of sampling locations. Following the retrieval of a sediment 

sample, the sample will be frozen by placing it in a cooler with dry ice, or kept 

on ice to maintain samples near 4 degrees Centigrade. Samples not frozen will 

be kept in an upright position to maintain integrity. Determination of sample 

handling procedures will be based on field observations. In all cases, sample 

recovery will be measured to quantify the amount of sample recovered as 

compared to the depth to which the sampler was advanced. 
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3.0 SAMPLE HANDLING AND TRANSPORT


This protocol describes methods for handling samples in the field and sample 
transport to laboratories for analyses. Sample handling protocol will be initiated 
immediately after the retrieval of sediment samples on board the sampling 
vessel. 

Upon retrieval of a sediment sample from the harbor, the base of the core tube 
sampler will be capped to prevent loss of sediment from the open end of the 
sampler. After capping the base of the sampler, the sample tube will be washed 
with sea water to remove sediments adhering to the outside of the sample tube. 
This washing process will allow easier handling of the sample and minimize 
potential sample cross-contamination. Following initial cleaning of the sampling 
equipment, the water column above the sample will be drained to minimize 
disturbance of the sample surface. The core barrel sampler will be removed 
from the remainder of the sampling device to allow further processing of the 
sample. As previously discussed, sample recovery will be measured for all 
sediment core samples collected. 

The sample will then be secured either in an upright position or frozen with 
both ends securely plugged or capped. Identification of the sample will occur by 
labeling the core barrel according to prescribed protocol. Samples to be frozen 
will be wrapped with packing material, enclosed in a plastic bag and placed in a 
cooler filled with dry ice to await further processing. Samples not frozen will be 
placed in plastic bags and packed with ice during storage and transportation. 
The sample bags will also be labeled according to prescribed protocol. 

A minimum of three samples will be collected from two sampling locations to 
provide an adequate sample volume. The first location will be in an area 
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reported to have some of the most elevated PCB sediment concentrations. The 

other sampling location will be in an area with above average sedimentation 

rates with moderately elevated PCB concentrations relative to the study area. 

Samples from each location will be col^cted as close as possible to each other to 

reduce variability. 

Following collection and securing of all samples, samples will be transported to 

facilities at the University of Connecticut for further processing under the direct 

supervision of the sampling team. Here, the PVC core barrel sampler will be 

cut and split open exposing the core sample, or the sample will be extruded 

from the core barrel. The core sample will then be placed onto a pre-cleaned 

surface and sliced into thin layer subsamples. Subsamples will be sliced from 

the core sample using stainless steel utensils or wire. Sliced subsamples will 

then be placed on a flat, pre-cleaned surface and the exterior edge of the 

subsample which had been in contact with sidewalls of the barrel core sampler 

will be removed to reduce cross-contamination of the vertical profile. The 

remaining portion of the subsample will then be retained as a discrete 

subsample or interval of the vertical profile. This procedure will be performed 

for each sample to be subsectioned from the two sampling locations. 

Subsamples of the vertical profile will be obtained in the following manner for 

the elevated PCB concentration sampling location: 

Starting from the surface of the core sample, subsamples will be removed 
from the core sample in the following centimeter (cm) thicknesses: 

0 - 1 
1 - 2 4 1-cm samples 
2 - 3 
3 - 4 
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D R A F T 

4  6

6  8

8 - 1  0 6 2-cm samples 
10  12

12  14

14  16


16  20

20  24

24  28

28  32

32 - 36 12 4-cm samples 
36  40

40  44

44  48

48  52

52  56

56  60

60  64


Total = 22 samples 

Subsamples from the second sampling location (within a sedimentation regime) 

will be collected as follows: 

Starting from the surface of the core sample, subsamples will be removed 
from the core sample in the following cm thicknesses: 

0 - 1
1 - 2 4 1-cm samples 
2 - 3
3 - 4
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4  6

6 - 8
8 - 10

10  12

12  14

14  16

16 - 18 14 2-cm samples 
18  20

20  22

22 - 24

24  26

26  28

28  30

30  32


32  36

3 6 - 4  0 4 4-cm samples 
40  44

44  48


Total = 22 samples 

Following sectioning of subsamples and removal of perimeter surfaces, 
subsamples from each of the cores collected at a sampling station from the same 
vertical interval will be transferred to a pre-cleaned container or sample 
container to allow homogenization of each subsample interval and to obtain an 
adequate sample volume for chemical analysis. Following homogenization, the 

samples will be transferred to pre-cleaned glass, sample containers, if necessary, 
provided by the analytical laboratory to provide a sample amount of at least 
25 grams. Tools utilized to section and homogenize samples will be acid washed 
and rinsed with distilled water prior to preparation of each subsection. The 
sample containers will then be labeled according to prescribed protocol and 
prepared for shipment. Samples will be stored on ice and maintained near 

4 degrees Centigrade prior to and during transportation to the analytical 
laboratory. Cambridge Analytical Associates, Inc. has been selected as the 
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analytical laboratory. 

A uniform and comprehensive sample designation and management protocol has 

been developed for all sa-nples which are to be processed by the analytical 
laboratory. To assist in keeping a record of sampling activities, a sampling log 
will be maintained and document, on a daily basis, the personnel involved in 
sampling activities, weather, general sampling activities, and a detailed 
description of samples collected each working day. In addition to a sampling 
log, sample chain-of-custody will be maintained from the time of sample 
collection through sample shipment to the analytical laboratory. 

Immediately following completion of sample preparation, each sample will be 
labeled. Sample labeling will include assigning each sample a unique 
designation number including the project location, sample station, sample type 
and sample depth, as appropriate. In addition, sample collection time and 

sampling personnel will also be noted on the sample label. 

Samples which are to be shipped to the outside analytical laboratory will be 
packaged in reinforced coolers. As previously discussed, samples will be shipped 

on ice to maintain these samples near 4 degrees Centigrade. At the time of 
sample shipment, Balsam personnel will transfer chain-of-custody to the 
receiving agent, place the completed chain-of-custody form in the shipping 
container, and seal the shipping container. Sample shipment will be conducted 

by overnight courier or personally by sampling team personnel. 
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4.0 QUALITY ASSURANCE/QUALITY CONTROL 

Quality Assurance/Quality Control (QA/QC) considerations have been 

incorporated throughout the development of 'his sampling program. Examples 

of QA/QC considerations included in the program are sample tracking and chain-

of-custody documentation, as well as equipment decontamination procedures, 

discussed later in this document. 

In addition to sampling protocol QA/QC efforts, further QA/QC efforts will be 

undertaken to evaluate performance of outside analytical laboratories. The 

analytical laboratory selected for sample analysis under this sampling program 

has been evaluated in terms of its current QA/QC practices. The laboratory 

selected to conduct PCB and metal chemical analyses on sediment samples has 

implemented pre-established QA/QC protocol including the analysis of blank 

samples, duplicate samples, spiked samples, and reference material samples. 

To further address analytical laboratory accuracy and precision, Balsam has 

elected to submit additional samples to the analytical laboratory conducting PCB 

and metal analyses. These additional samples will include blank blind duplicate 

samples to allow assessment of analytical precision and reproducibility. 

Approximately 15 percent of all samples submitted to the analytical laboratory 

selected to perform PCB analyses on sediment samples will consist of QA/QC 
samples. 

December 12, 1988 
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5.0 DECONTAMINATION PROTOCOL 

To minimize potential cross-contamination of sediment samples, sampling 

equipment utilized during '\e conduct of the sampling program will be 

decontaminated in accordance with the following protocol. 

Prior to arrival at the site, all sampling equipment will be decontaminated using 

potable water and soap. Following cleaning, core barrel samplers will be 

packaged in plastic containers to prevent soiling during transport to the project 

site. 

All sampling equipment will be decontaminated prior to collection of each sample 

using the following protocol. Samplers will be rinsed with potable water to wet 

equipment surfaces, followed by an acid wash. Equipment will then be rinsed 

with potable water. In addition to cleaning sampling equipment utilized during 

this sampling program, all personnel involved in the collection or handling of 

samples will be required to wash their gloves prior to the handling of each new 

sample. 

Prior to sectioning core samples into subsamples at the University of 

Connecticut facilities, all utensils, surfaces and mixing bowls which may come in 

contact with samples will be decontaminated using potable water and soap. 
These utensils and surfaces will then receive a mild acid wash followed by a 

potable water rinse. To minimize potential cross-contamination of sediment 

subsamples, this procedure will be followed for any utensils or surfaces which 

are involved in sectioning subsamples following completion of a subsample and 

prior to initiating sectioning of a new subsample. 

December 12, 1988 
Balsam Project 6292:840 



BALSAM ENVIRONMENTAL CONSULTANTS INC 

D R A F T 

6.0 HEALTH AND SAFETY PROTOCOL


Health and safety protocol have been developed based upon the reported 
presence of anthropogenic compounds in New Bedford Harbor sediments. Widely 
varying concentrations of Aroclors 1016, 1242 and 1254, as well as varying 
concentrations of numerous heavy metals, including copper, zinc, nickel, lead, 
chromium and mercury, and polycyclic aromatic hydrocarbons (PAHs) have been 
reported present in the sediment; low concentrations of other EPA Hazardous 
Substance List organic compounds have also been reported present in 
New Bedford Harbor sediments. 

Based upon an evaluation of the types and concentrations of compounds present 
in New Bedford Harbor water and sediments, the primary routes of exposure are 
expected to be direct contact and ingestion. A review of the physical properties 
of compounds present in New Bedford Harbor media in combination with 
consideration of the concentrations of those compounds present does not indicate 
inhalation of vapors or contaminated particles to be a significant exposure 
pathway. 

Based upon this expected exposure assessment, a modified EPA Level C health 
and safety protocol was selected for the conduct of this sampling program. This 
level of protection must be maintained by all personnel directly involved with 
sample collection. Protective equipment to be worn by sampling personnel is as 
follows: 

o Outer Garment. To provide protection against direct contact with 
contaminated sediments, rubber rainsuits will be worn by all sampling 
personnel. Rainsuits have been selected for use as compared to 
disposable coveralls due to their durability and superior ability to shed 

December 12, 1988 
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water and soil. A disposable inner Tyvek suit will also be worn beneath 
the rainsuit to provide additional protection during personnel 
decontamination and disrobing. 

o Gloves. Nitrile gloves will be worn by personnel involved with the 

collection and retrieval of sediment samples. Thin-layer surgical gloves 
may be worn by personnel documenting sediment sample collection or 
visually characterizing sediment samples. 

o Boots. Neoprene rubber boots will be worn by all sampling personnel. 

o Eye Protection. Goggles or approved safety glasses shall be worn by all 
personnel involved in the collection and handling of sediment samples. 

o Respiratory Protection. Dust masks shall be used by all personnel 

involved in the collection or processing of sediment samples. The sole 
purpose of dust mask use during this project is to prevent accidental 
ingestion of harbor sediments. 

In addition to the use of protective clothing to maintain the health and safety of 
sampling personnel, rules have been developed regarding sampling personnel , 

conduct for the period of this program. Eating, drinking, smoking, or chewing of 
tobacco or gum is prohibited during sample collection or processing activities. 

Restricted activities presented above may be performed only in designated areas 
after appropriate personnel decontamination has been conducted. Food intended 
to be consumed on board will be maintained in a designated clean area to 
prevent accidental contamination. 

December 12, 1988 
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Running, jumping or horse play will not be allowed by any sampling personnel 
during sampling or sample processing activities. Personal flotation devices will 
be assigned to each sampling team member and will be utilized by that member 

during sampling efforts. 

At the completion of a work day, each sampling team member will undertake 
thorough cleaning of reusable safety equipment and disposal of expendable 
safety equipment. Following this decontamination procedure, the individual will 
shower as soon as possible after returning to shore as a further precautionary 
measure. 
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oô
EH

 
(0 

Q
 

)
U

 
C

 
OU

 

CQ

CQ 
in


Q)

4-> 

o
g



*̂
1


^



3
 
2

EH


QgO
 

n


O



0
 
M
 «̂I 

\D
 

i-H
 

IX 
EH
 

(N
 

a)

-P


U
U



£



t
n



(N
 

CM
 

n
 

«N
 lO
 

rH
 

>
Q
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ĵ̂
 

r^
 

ly^ 
n

 Q
)

J
 

^
 

^
 

«* 
>

 
cxi 

H
 tr> 

H
 tr> 

-H
 

S
 

o
5

1
3

3
 

0) 
0)

2
 

a
 

tJi O
 

CO
 

U
 

IS
) 

rt 
CD 

Q
, 

0
*
 



00 

ro 
in

 
•H

 t CM
 

H
 

CO 
CO 

M
 

O
 

H
 

O
 

to
 

0
3

 

*CO
 

E
C

 
CO

 CP 
Q

) 

T3tJl 

0i (

'ioU
ni 
mno
 

00 

0•s

O

 
PK 

CM
 

C(0 

QJ 
rH

 

(U
 

(̂0 

<
• 

o
oo
 

N
 

O
 H

 
O

 
T

i 
Q

) 
Q

) 

uO
 eg 

co 
-H

 
4J

 
O

 

EH
4
J
 

0) 
O

 
•o 

D
u

 
(0W

 
4-> 

«
 

EH
 

0) 

OO
 

ox; 

C
 

(0 
x: 

n
 

4
J

f-t3no«
 

CO 
0)e
 

•H
 

2
 E

H
 

i
SH

 
OMEH

 
sou
 

 
<-8 

CM
 

CM
 

CM
 

m
 

CM
 

CM
00

 
O

 
CM

 

CM
 

CM
 

If) 
VO

 
VC

 
CM

 
CM

 
CM

 
) na

 -P
 

fa
 Q

 

U
 Q

)
<

toco
 

•H
 

4
J
 

(0 
>H 

K
 

CO 

Uw
oo 

MO
 

rH
 

Oo 
oo 

oo 

tH
 

o 
rH

 
Uo 

oo 

>H 
O

 
rH

 
Oo 

OO
 

SH 

)U
 

CoU 4JC
 

Q(0
 

CD
 

to
 

IN
 

n
 

TT
 

tn T3 
-H 

<u 
*>* >  

0) 

•H
 

<
 ou

 

in 4-> 

o o
 

cc 
a 

e 

w•J 
tJ> O

 
(0 

0) 
ft 

(X
 

0
0

 

c

4-1 



•̂
r 

iH
 
-P

 
V

S
 

r> 
>> 

IT
) 

^
 

rH
 

T
>

 
1

 
—

• 
CM

 
»4 

H
 

H
 

CO 
O

 
1
 

0
 

1̂
 

CO
 

10
 

H
 

C
P

 
00 

>i 
n

1
3

 

=»fc 
M

 
ft 

o 
JH 

en
e
 

Q) 
vo *-^ 

w
4J 

ro
 4

J
 

*H 
(0

 
rH

 

O
 

U
^
 

o
 
>
i 

X
 

V
»H

 
M

 
T3 

0
 

—
' 

!5
 

to 
fr 

6
 
&

 
1
3
 

O
 

W
 

CO
 

CO
 

*N
 

C
O

Q
) 

n
 (M

 
C

O
 4-1 

<! 
/H

•̂̂
 

H
 

^
^
 

*O
 

*•- 
C

T\ •a 
CM

 
rH

 
.. 

iH
 

—
.

c
EH

W
 

C
M

0
tf 

2
 

T
) 

rH
•H

 
o
 

O
 

Q
) 

4
J
 

PH 
O

 
H

 
-P

 
tO

 
O

 
W

 
rH

 
EH 

U
 

«
 
(0

 
05 

Q
. 

O
 
O

 
O

 fc
 

8
 

<
; rH

 
&

4 
4
J
 

A
 

«
 rH

 
X

 X
 

03
 

fc
, O

 
H

O
 ) 

U
 

*"w
i

r*1
 

A
 

en
0) 

C
O

 
Q

)
H

e
 

co
-P

 
<n 

•H
 

^>
Q)

•P
 

=%
: EH

 
CO

rH
 

H
 

CM
a

 
W

 
13

 
-«>

 
E

3
 

01
J

 
C

M
o 

o
 

&< a 
H

U
 

Pi 
S

 -P
 

<2 (0 
a

 a> 
W

 
Q

 
O

 
-P

 
CQ n

 
o

 -a 
H

 
O

 

r̂ 
rH

 -p 

^ >1 
1 .

 
M

 

2. 
09 ,C

P
 

1 ^>
 

H
 

tP
 

1
3
 

D
 

O
 

to 
«̂

-x
 

CO
 

cs 
«•

-
^

 
C

O
 

in
 

CM
 -p 

•*
.p

n
I 

s
>

 
iH

 
X

->
.

fe 
>
!

>1 
CM

 
M

S-( 
H

Q
 

T>
T3 

M
 

'*-' 
*-' 

*
«

 

•O
 

w
 

to' tn
 

to
^
 

in o 
.4

 
1̂

 
I--

*
 >

 
CU 

H
 

C
P
 

H
 tr> 

-H
2

 
1
3

 
1
3

 
O

 
0)

<
 

tf 
55 

tP
 O

 
CO

 
U

 
N

 
rt 

o> 



nin
 

rH
 

CMH
 

I
 

CO 
co

CO 

CO 
tP

 
0) l 

to 
»»

 
CD 

•t!u 
COIm«O

 
P

4 

MO•ono
 

Xno 

*
 

(0 

C
M

 
f>

 
•

oo
 

O
«
 

O
 

T3 I 

CO 
tr> 

I CD 
[C

O
 

u
  C
M

Q O
 

P
4 

OU
 

c
 

(0
 

Q)
r-H

 

0
) 

!-l 
(0

 

P
 

-He
 

•H
 

CM
 

Co 
-H

p<H
 .-I 

E-i 
0) 

4J 
10

 4-> 
0) 

4J 
g

u 
o 

•O
 

0) 

o 
T3 

*
 Bid 

EH
 

Q) 
CO 

w

n
 

no
 

2

OU
 

0) 

-H
 

 
EH

 
O

 
H

 
ia

 

oo< 
VD

H
 

M
 

CM
 

CO 

C(Dx; 
-P 

CM
 

to 
in

 
o
 

VD 
CM

 

OM
 

HU
 

0) 

ino-H
 

•P(0 

OS
EH 

(N

<0 
Q

U
 Q

) 
<

 
(X

 

n
 

VD 
CN 

r>) 
 

1-1 
u
 

C
M

 
CM

 
H

Aroclor 

Aroclor 

Aroclor 

Aroclor 

Aroclor 

Aroclor 

Aroclor 

Aroclor 

cou
 

c ou
 

(0 

00 
co 

GO 
xT

 

CM 
f-l 

QM
 

W
 

M
 T

l 
•H

 
0) 

M
 -P

 
>
i 0

) 

•O
 

0) 
*
 >

 
W

rH
 
rH

 
O

 
O

 
(0 

a 
H•

CP O
 

C
 

E
 

a 
o> 

<
 o

 
o
 

c 



ID
 
^-^ 

CM
 -P

 
5
 

n
 

>
. 

in
 

k
 

«H
n

ii<N
 

.J 
»H

 
M

 
C

O
 tP

 
|
 

0
 

1̂
 

CO
 

CO
 

H
 

CP
 

CO
 

>
, 

W
?

î 
C

J
1

3 

=»fc 
i~4 

ft 
O

 
M

 
cn

0) 
0) 

r> 
^
^
 

T
J
 

4
J
 

0
4-> 

M
 

ro
 

oj
>

 
0

U
 

o
 
>
i

X
 

V
 
k
 

14
 

T
3
 

O
 

M̂
.

«S
 

co tr> 
o

 
&I 

1
3

 
0

 
W

 
CO

 
CO

 
»«. 

CO
 

0)
m

 CM
 

CO
 
4
J
 

«
 
H

 
-*. 

(0
 

rtl ~
v
| 

C
T
i T3 

O
J 

H
 

.. H
 

-̂
C

 
EH

W
 

fM
O

 
«

 
2

 
T) 

i-H
-H

 
0
 

O
 

OJ 
4
J
 

ft 
O

 
H

 
4-> 

C
O

 O
 

H
 H

 
H

 O
 

n
 (o

PJ 
a 

o 
a> 

O
 k 

e 
rrf 

M
 

ft
 

JJ
 

c
 

K
 M

 
X

 
X

 
CO

 
fc

 
O

 
H

O
 ) 

U
 

*
v
.

?
1

 
A

 
0

0) 
CO

 
0) 

N
E

 
co

4
J
 

n
 

-H
 

-v
, 

0)
4J

=»fc 
E

-i 
co 

i-H
 

1-1 
CM

a
 

3
 

W
 *a 

-v
g

n
 

iJ
 

rvj 
0

 
0)

OH
 

0) 
«H

o 
Pi 

S
 -P

 
<

 
(0

 
J

O
 )

W
 Q

 
O

 -P
 

CO
 

(0 
O

 
T
J
 

*
 

« 
n

 
Q

 

rH
 

fN
 

4->
 

>
 

>ik
 

•o 

CO 
CT> 

1
--. 

H
 en

 
1
3
 

D
 

o
 

CO 
**—

>
.

CO 
\c 

o
i ^̂

 
r* 

IT
 

<
1
 4J

 
»

4
J

1r
i

—
,

1 
>

>
 

H
 

X
1 4

•"•» 
fr 

>, 
>
i 

«
 J

1
,

CsJ 
W

 
>
-J

 

r-t 
Q

 
T

J 
T3 

H
 

N
—

-
""

" 
•
*
 

•o 
w

 
co' cn 

co 
cn 

t»
 

0) 
J

 
1̂

 
1̂

.
^

 >
 

cu 
H

 tr^ 
H

Cn 
•H

S
 

13
 

1
3

 
O

 
4)

3
 

«
 

S5 
W

O
N

U> O
 

d
 a)1

 
n
. 

rr 



in 

CM
 

V
D

 
CO

 
CO 
CO 

00 
tE

 
CO 

0) 

D
 

Cf
m

(0o
i nnoPH 

M
 

0) 
•o MO

 

XM
 

O
 

£O
 

Pu

U
 

IT) 

(0
 

Q
) 

t-H
 

T5 I 

oo
 

COO
Q) 

(0 

•He 
O

 
P< CM

 

m0
 H

 
W

 
Q

 C
M

 
O

 
H

 
o

 
O

 
T
! 

H
 H

 
EH 

0) 

co 
-H

 
-PO

 
Q)-̂1

 
W

 -P
 

CD 
«

g
 , 

idto
 

O
 

-a 
WEH

 
Q) 

O
 

.U
 

0) 

c IB 
Q2

 
r. 

<
 

<n 
O

 
4J

 
CM

 

3no
 

2
 

O
 

U

)
Q

 
0) 

soU
 

M
 

OM
 

EHUUgQ
 

l
Cf0) 

co )UCoU
 

(0M-pc Q

VD 
(M

(M
 

CO
 

in 
C

M
 

o
 

V
O

 
<M

 
V

D
 

C
M

 
CM

<M
 

CM
 

CM
 

C
M

 
C

M
 

oo 

)H
 

o 
oo 

oo 
i 

oo S

oo 
oo 

Uo 
>H

 

Uo 

f
O

3
 £

Kfe
 O

 

C
T

> 
00

 
00

 
00

 

vo 
in 

CM 
Xt* 

QM
 

W
 T3 

•H
 

0) 
CO 

Q)
<* > 
O

>
, 0) 

•H
 

Otr o 
C

 
E

 

0) 4J 

10 
0) 

PU 
«

 
O

<
U

 

i 



_
 

0
 

(M
 -P

 
V

>
 

n
 

>
• 

m
 

S-i 
H

 
T

J 

eg 
•J

 
H

 
H

 
co

 Cn 
1 

0
 

l\
 

CO
 

CO
 

H
 

CT
 

CO
 

1
3

 
>
i 

CQ
=*fc 

I-l 
P4 

0
 

h
 

tr> 
o
 

0) 
IT

) 
^-* 

53
 

4->
 

0
\

4
J
 

M
 

(0
 

H
s 

O
U

 
0

 >^ 
M

 
V

^1 
H

 
•o 

O
 

'—
 

1̂
 

^
 

CO
 

CT
 

^
 

«^̂
 

O
 

CP
 

11  1
^

* 
o

 
K

 
CO

 
CO

 
•v

 
C
O

01 
n

CM
 

CO
 4-> 

«
H

 
"̂

(0
 

rt 
^

 
CTi

T3 
CM
 

i-l 
..

 
rt
 

--
C

 

^
CO

 
Ĉ
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JH0OK
t 

<01-1 
0u1KMUJH0)CO 

o0KaouE-i 

hod Reference: EPA. 1979. Methods for Chemical Analysis of Water and 
tes. EPA-600-4/79-020 (Revised March 1983). EPA/EMSL, Cincinnati, Ohio, 
hod 245. 5-Mercury in Sediment (manual cold vapor technique), 
itional References: EPA. 1982. Test Methods for Evaluating Solid 
te. SW-846-Second edition. (Update No. 1-April 1984). EPA/Office 
Solid Waste, Washington, DC. Method 7471-Mercury in Solid or Semi-solid 

 (manual cold-vapor technique) . 

hod Description: Mercury is determined in soils, sediments, bottom 
osits, and sludges by digestion of sample in aqua regia for 2 min at 95 C, 
lowed by oxidation with potassium permanganate and potassium persulfate. 
cury in the digested sample is then measured by cold vapor atomic absorption 
ctrophotometry on a SpectroProducts Hg-3 analyzer. 

lity Control Procedures: Instrumental calibration is performed by analyzing 
lank and four or more working standards. Accuracy of working standards is 

 an independent check standard. With each batch of 10 
pies and for each different matrix, one matrix spike and one duplicate 
lysis are performed. 
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ĉ
 

w^ 
*̂ 

t̂
 

*o* 
co 

ô
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ĵ 
«H

 
tn 

-p 
• 

T
J -H

 
O

 
Q

) 
£

 
-H

 
E

 
-P

 
rH

C
 

(0
 

x; 
i <

 
Q

) 
S

 
E

 
-P

 
rH

C
 

(C
 

O
 

T
J
 
X

I 
cn VD 

T
J X

I 
c

3
 

in (0
(0

 
cn 

o 
(C

 
C

 
3 

cn to
to

o
 o

 
QJ 

•<* 
l)H

 
T

J
 

CU 
•H

 
,C

 
in 

J
H

 
T
J

rH
 

cn 
PM 

TJ 
S

H
 E

 
4J 

rH
 

T
J

•-H cn
 
i

w 
r* 

J_( 
EH

 
CO

 
O

 
10 

(0
 

O
 

E
 

in in
 

4-> 
C

n
 c

X
I 

Q
) 

O
 

o
 

to 
in c 

E
 

to 
-P

 
CP C

X
I 

Q
) 

C
 

4
J

 
tO

 
1 

H
 

^
 <

 r» 
in

 
c (C

 
x; s 

(C
 

Q
) 

in c to
^

 
o

 
QJ 

£
 

S
 

-P 
tr c

^
 

L
J
 

rH
 
1
<

 

1 
Q

) 
1 

C
n 

c 
-H

 4-)
rH

 -H
 

1
 

-P
 

rH
 
B

 
Q

J 
1

 
C

 
-H

 
4->

rH
 -H

 
-H

 
£

 
• C

O
 

o
 
c
 o

 
,̂ 

4
J
 
rH

 
•H

 
;̂ cn

 to a 
~

 
QJ TJ 

CU 
QJ 

-P
 
rH

 
-H

 x
 w

 
(0
 
d
. 

4-> 
T

J 
C

M
 

3
 -H

 
3

 
Q

J 
rH

 
rH

 
rH

 
rH

 
W

 
3
 

S
O

 )
 

-H
 

Q
J 

rH
 

rH
 

JH cn 
m 

Q) 
co 

D
1 £

 T
J
 

0
 

TJ 
Q

J 
Q

J 
QJ 

O
 

Q
J

3
 

0
 

tn TJ w 
TJ 

Q> 
QJ 

O
 

Q)
3

 
0) 

• 
in 

cn 
• 

-H
 

O
 Q

) 
rH

 
r
H

 
U

JH 
TJ 

x; s u
T

J 
X

 
<
-

•H
 

Q
) 

rH
 

x; s o
TJ x 

tr 
cn -H

 
rH

 
C

/l 

W
 

rH
 

O
 

EH
 

C
 

QJ 
-H

 
• 

>
 

rH
 Q

J
 

U
 

rH
 

EH
 

C
 

Q
) 

-H
 

-H
 

r->
 

T
J 

1
0
 

rH
 

tO
 

O
 
r
H

 
M

 
-H

 
(C

 S
 

Q
J 

Q
J

O
 

>
H

 
rH

 
cn 

Q
J CX 

U
 

-H
 

(C
 

QJ 
QJ

U
 

S
H

 
-0

 
cn 

Q) 
0
 

f
T

^
 

[~
T
 
(  

P
|

XI SH
 

O
 

4-> 
Q

J 
r-a

 
3
 
(C

 
h
} 

X
I
 

rH
 

O
 

4-> 
rH

 O
H

 
• x: 

Q
 

rH
 

J
C

 
•• 

4-> 
Q) 

JH
 

1C
 

O
 

cn ̂
 O

 >H 
rH

 
.. 

4
J
 Q

J
 

SH 
(C

 
T

J 
<

 -P 
1 

Q
 

QJ 
to 

in 
in 

<*H
cu E

 
D

 
rH

 
U

 E
H

 
QJ 

(0 
in 

4H
CU 

E
 

-H
 

—
 

ex QJ 
o

 
in 

O
a

 
<

 
QJ 

<*H 
QJ 

o
 

o
 

a
 

Q
) 

<4H
 

Q
) 

U
 

• 
0
 

w s 
.
 
-H

 
rH

 
S

H
 

CJ 
a
 c

 i 
SH 

O
 

SH 
TJ 

U
 

o
j 

>
, SH

 
ex c 

rH
 

O
 

S
H

 
T

J 
rt 

<C tM
 

O
 

O
 
rH

 
3

 
• 

C
 

• 
0

 
rH

 
O

 
o
 o

 
3
 

• 
C

 
CU

 
O

 
rH

 
QJ 

Q) 
W

 
U

 
rH

 
TJ 

t>
i CO 

C
 

1C 
W

 
<

 
\ 

Q
) 

S
H

u
 

T
J 

>
itO

 
C

 
10 

W
 

(jQ
 

|
 

.. 
to 

Q) 
U

 
CQ

3
 

S
 

cn 
in 

u
 

^
 ̂

 •—
' 

2
 

>
i 

Q
J
 

QJ 
O

 
03

3
 

S
 

cu en 
>

 
ra ex 
Q

) 
g

5* 
p
, J_( 

O
 

(0
 2

 rH 
in 

<
 

W
 

1- -H
 T

J 
ex 

U
 
(0

 2
 JH cn 

<. 
p^ 

QJ -H
 

"Z. 
•• 

O
 

rH
 

O
 

rH
 

QJ 
2
 

"*—
 -P

 
O

 
.. o

 
O

 JH
 

Q) 
2
 

• • ~*̂
 

O
 

E
 

.. 
jQ

 ro
 

CO
 

C
 

0
 (C

 
JH 

3
 

J-! 
Q

J 4_> 
T

 u
 x; 

C
 
0
 

rH 
3 JH

 
QJ 4-1

 
C

 
•<*• 

C
 Q

) 
c

 
in 

CO
 

o
 

in h) 
a. o

 o
x: (o 

•• 
1 

3 
-P

 
o

 
in 

PU O
 

O
x: to 

0
 

1 
QJ x: 

O
 T

J 
<-^

1 
-H

 
0
 

u
 

-P
 

U
 

M
 

Q) 
0
 

T
J Q

J 
•H

 
O

 
o 

-P
 

O
 

r
3

 
-H

 
0

 
rH

 
U

 
•H

 
Q

) Q
J 

•
P

 
S

H
 
rH

 
rH

 
<
 <

 
-rH

 
O

 0
 

C
 S

 
4-) 

fH
 

rH
 
<

 <
 

-H
 

0
 

4-> 
0
 

Q
J -s

. 
• 

4
J
 X

I X
I 

H
 

H
 

a4-> o 
o

 
a.

D
lr
H

 
H

 
C

 
VD 

M
 

ex-p 
o 

ex 
tT

1 •"* 
W

 
ex vo 

•
M

H
 
r
H

 
U

 
ex in 4-i 

~
x
_
 

•H
 
U

 
SH 

• 
W

c
 
a
 

Q) 
1 

1 
U

 
-H

 
O

 
• 

rH
 

•
 
U

c ex 
c 

-H
 

1
ro

 
QJ 

to 
Q

 
•H

 
(0

 

y
 
[
 
(
f
^
 

c
j 

D
 

rH
 

Q) 
SH 

-P
 T

J
 

-H
 
3
 

O
 

SH <
 
r- -H

 
rH

 
QJ 

VH 
4-> 

TJ 
•rH

 
3

 
M

 
• 

SH 
O

 
SH 

3
 


H

 
0
 

o
 
a

 Q
) 

C
 

SH
 4-1 

SH Q
 

U
 

Q
J
 

C
U

 
• 

rH
 

u a QJ 
C

 
S

H
 

-P
SH Q

 
Q

 
u ex

rH
 

-H
 

-
U

 
1 

T
J 

in 
w

 -P 
O

 
(0

 
C

3
 

<4H
 
W

 
O

 
4
J
 

in
 

in 4-> 
O

 
10 

C
3
 

cn u
 

«
rH

 
U

)
 

C
 

cn TJ -H
 

w
 

Q
J 

Q
J 

U
 

T
J Q

J
T

J
 

W
 

Q
J 

0
0

 )
 

Q
) 

Q) 
U

 
T3 Q

)
TJ 

U
 

Q
) 

•̂
 

tO
 
>
i O

 
Q

) -H
 

O
 

•a 
Q

a
 
c
 E

 
C

 T
J 

Q
a 

<M
 E 

Q
 

C
 E

 
C

 T
J 

D
D

 
c x: -P 

Q
 

U
 

(0 
m

 a 
o 

o
 o

 
>
i 1C 

C
in 

in 
o 

0
 

O
 

O
 

>
, 10 

C
in 

in 
o 

•
C

o 
ex 

tT
1 

(0 
IM

 
>

 
U

 
T

J
-
H
 
H

 
-P

 -P
 Q

J 
QJ 

Q
) 

U
 

TJ 
in TJ >H 

T
J
 
-H

 
rH

 
-P

 4
J Q

J 
Q) 

QJ 
U

 
TJ 

in
o

-H
 

1
 

C
 

T
J 

U
 

•H
 

o 
cn -P 

-H
 

in
 

C
X

rH
 
rH

 
O

 
0) 

O
 
4
J
 

o
 

in 4J 
-H

 
in a,rH

 rH 
O

 
Q

)
•H

4_> 
Q

J 
-H

 
O

 
C

 -H
 

0) 
tt) 

EH
 

x: in u
 

rH
 

Q
J

a, a
 

E
H

 
x: 4-i x: o 

X
I 

W
 O

 
rH

 
Q

) 
CX CX 

EH 
x: 4->

4
-1

•H
 

4-> 
£
. 

£
 

to
 J

H
 

tn o 
co 

4-> -H
 

Q
) 

to3
 

E
 T

J
 a c

E
 E

 
to 

4-> 
in -P cu 

4-> -H
 

Q
J 

(0
 

E
 T

J
E

 
E

 
C

O
 

4J cn
U

TJ 
in 

in 
4
J

 
4-> 

Q
) 

O
 

-H
 

(0
0

 ) 
U

 
QJ E

 
a 

10 
(0

 
W

 
Q) 

(0 
QJ 

PU
 

QJ E
 

a 
3 a, c

(0 
10 

U
 

QJ 
(0

0)
T
J 

(0
 

(0
 

PU
 
K

 
E

H
 

s: QJ in 
O

 
C

X
-H

 in 
in 

EH 
S

 S
 S

 to
 

S 
Q

J in 
O

 
D

w
-H

 cn cn 
EH 

s
 ts 

CO
<

 
S

 S
 

S
 

4
J
 
C

 



U
1
 

O
N

 

H
 C

O
 

1
 

>
 

C
sl 

O
 

H
 

JQ
 

1
 

rt 
CO

 
co 

E
 

O
 

P-, 
(H

 
0) 

73
 

73 
O

 
t
j
 
^
 

O
 

C
 

-H
 

fO 
W

 
7
3
 

- 
rH

 Q
) 

r
*

 
4
J
 

c 
CU 

73
 

E
 

4-J 
rH

 
C

 
*5 *-" 

d
 d

 
>
, C

Urt 
cu 

o 
JC

 -H
 

(1
) 

rH
 

. 7
3

 
E

C
 

U
 

73
 

..
JQ

 
rH

 
4
J
 

-H
 

0
1
 
O

 
O

J
 rH

 
E

 
o
\° 

C
 

CU 
CU

0) 
o,

O
 

(0
 

4-1
 

73
 

• 
(0 

10 
O

i 
tO

 
7
3
 

E
73

73 
E

0
 
>

 
3
 

C
 

0
 

^
 

>
, E

 
o

 
in

 
73

 -H
•H

 
CU 

10 
10 

rH
 tn 

10 -H
 

l
O

-
P

J
Q

O
 d
 

O
 

• J3
 *-. 

(0 
4-> 

X
 

4-1
 

01
 

C
 73

 
-H

•
rl 

JC
 

73
 -H

 
3

 
O

C
 

r
H

O
C

O
 C

 
o

(d 
rH

 
C

O
 

7
3

 
rH

 
O

 
•H

 
>H 

d
 

7
3

 
O

 
01 73 

JH
 o c 

3
 
N

 
rH

 
O

 
O

-
P

j
C

C
U

O
l
r

H
O

d
O

l
M

H
-

H
 

-H
 
C

 
Q)

•H
 -H

M
H
 -H

 
rH

 
10

 
4-1

 
-

7
3
 

fO
 -H

 
4
J
 
>

 -H
 -H

 
4-1

 4
J
 -H

 
O

 -P
 

O
 

O
.7

3
 

C
 0* 

10
•H

 
(0

 
-H

 
•H

 
^
 

C
 -H

 
O

 
4J 

3
 

7
3
 

O
 

c cu 
rH

 
O

u
c 

rH
 

IS
 
-P

 
rH

 
CU 

C
 

S
r

H
C

C
C

7
3

C
O

)
r

 H
 

-H
 

C
U

 
C

-H
 

CT>
d

 -H
M

•H
 
O

 
(0

O
 

O
 

01
 

(0
 

(0
 

0) 
c 

(J-, 
CO 

MH
-P

 

-p 
(0

7
3
 

r
H

O
3

C
U

O
O

C
 O

 
C

U
O

IO
-H 

jn
;4

J
-H

o
t n 

O
t^

0
1

M
H

4
J

7
3

(
0

3
4

-
l-

H
 

4
-1

^
0

) 
0

1
C

U
4

J
rH

t0
4

J
M

-l 
r—

 1
 C

 
-C

U
7

 3 
-
H

r
-
it

O
 d
 

73
 

<0 
>
i7

3
 

0
^7

3
 

C
 7

3
 4-1 

C
 

Q
) 

C
 

,H
 

C
O

 -H
 

(0
 -H

 
C

 -H
 rH

 

*W
 

t^
 

CO
 

01 
>
i (0

 
73

73 
(0 

d
 c

 
E



(0

 
S

 

73
 

•
r
l 

rH
 

dj^
rH

 
O

 
x-~* 

«. 10 
C

•H
 JC

 
•
 

0) 
JC

 
•H

 

EH 
&

 
O

 

W
 

O
•H

 q
 

CrC
 

•H
 

73
 

cu 73
73

 
10 

Q
)

73
 

73 
cu 

01
 
-H

 
j
j
 

•P
JX

, (H
 

0) 
d

 
 

Q
) CO 

,rf 
.. rH

 
A

 
3
 

J>
i Q

 
(0

fO
 
rH

 
PU

 
>
i 

>H
 

d
 

C
 

X
 
rH

rij
C

 
rH

 
3

d
 

}H
W

 
C

n 
-P d 

<*>
 

Q
) 

rH
 
d

-H
 

w
 
rH

 
(0 

—
 

rH
 CO 

C
U

Id
rH

fO
rH

-H
l O

 
C

C
U

 O
 

P! d 
c o

 
O

"*
-H

 
rH

 4-* 
Q) 

d
 

C
 
J
 

(0
 

(
W

r
-
l
t
 O

 
-H

 
C

O
O

-
P

 O
 

rH
 

CO 
o
 —

 -P
 

01 
0) 

E
 73 

01 
£>

 MH 
0

1
4

->
O

0
1

4
-l7

3
0

1
rH

O
(l)r H

 
O

 
O

 
01

n
 

C
O

.-H
to

C
c
 

s
 

W
d
 

C
 

0
1

 C
 -H

 
C

 -H
 -H

 
O

, 
7
3
 -^

 
• 

73
 

C
 

(0
 

Q) 
3
 

73
rH

 
M

 
rH

 
W

 
IO

 C
 

3
 O

 
E

7
 3

 
rH

t T
 

O
 

d
 

r
C

 
M

H
 

4-1
 

E
 

MH 
(0
 ̂

 
J^J 

CU 
)
H

H
d

7
 3

 
lO

C
U

t
O

-
H

C
O

E
 C

 
,C

 
0
 

d
0
 7

3
0

 X
I 

r
Q

.
 

0
 rt 

o
0
 

4-1 
4

->
-H

7
3
 

r
H

O
l
O

 O
 

-H
 

0) 
iH

 Q
) tr>4J

j^ 
CO

^-^ 
•H

 C
U

 
M

H
 -H

 
7

3
 

d
O

r
H

O
 i 

tO
iO

in
 i—

I 
(Q

 
M

H
 
rH

rH
0
,7

3
 

O
 -H

O
 

C
 

E
 W

 
MH 

W
C

U
7

3
(

O
X

iO
E

C
 U

 
C

 
•—

 4J 
x
 

o a,
E

E
 7

3
 

rH
 
^

fin
 MH

0
 

r
t 

cu 
01

MH 
••H

4
-1

C
O
 

3
C

t
O

jC
r
H

,
-
i 

4-> 
E

 
O

 
(0 73

 
d

 •H
 

PU
 

JC
 

7
3
 
O

 
(
0

4
-
)
M

H
r
H

O
0

1
4

-
l(

0
3

r
H

(
l ) 

4-> 
T

 
C

 
(0

 ro
 
0

 
4-1

 
W

 
u

 
• 

O
 

C
O

r
(

(
O

d
C

O
-

H
 

C
M

H
U

0
 1

 
n
 

co
 

O
 

01 
01

X
! E

 
»

in
3

 
1 

<
; 

rH
 
4
J

 
>H

 
rH

 
4-> 

Q
) 

-
-
H

 
X

r
C

 

0 
E

C
 

•H
 

>
i

01 -H
 

rff>
c

f-H
 

{Q
 

>H 
n
 

4-1
cu 

p
, E

 
o

 
C

 
*H

 jC
 

01
 M

H
 rH

 
JH

 
H

 
CO 

ji
^

 J
•Q

-rH
 

rH
 
0

 
o

d
 

3
 

O
 C

O
 

0
) E*3 

E
 

C
O

 
P

i O
0

1
7

3
E

n
 C

 
d

r
H

 O
 

1 
J-i 

O
 

CU
E

 o
in

-H
 

01 
d
 

MH <n 
S

 
(0 

O
 

10 -H
 -H

 73 
O

 
0) M

H
 •• 

i-H
 

d -p
73 

C
 7

3
 

1 
rH

 
•

-P
 

0) 
H

 
0

1
E

>
4

-
>

 
rt 

-H
 X

! 
-H

C
 T

 
IL..J 

^
 

•H
 

O
.M

H
 

CO 
0

 -H
O

 
o

 
(0 

*r-n 
p^ 

in 
4-)

.
 

d
C

O
J

n
C

 U
 

.4
->

4
->

7
 3 

C
 

O
 

-H
 

X
rH

 
O

 
c

0
 

D
 

73 JC
 

01
V

D
 

M
H

 O
 

O
r

H
-

7
3

(
 0
 

C
X

I
-
H

 
n

r-H
 

O
-P 

d
 

4-1
01

-H
 

o
 o

 
CO

*j-
O

 
7
3
 

O
i 

O
i ̂

-- 
C

U
 C

 
4-1

 
<0 

4-1
 JH

 
i 

E
 

•
iH

 
0
1

 
rH

 
C

 
-H

 
E

rH
 

1
 

x; ^
 

£H
 co 

M
H

 C
 

S
J

H
>

-
H

 «
 

-H
C

 O
 

C
1 

C
 
rH

 
CO 

CU 
10 

73 
rH

 
E

 
C

4-> 
fO

 
I 

4
J

d
(

O
r

H
I
O

d
J

H
E

X
 l 

-
^

4
-
1

 
d 

in
 -H

 
O

 CP a
x; cu

E
 

CO
 

d
 

0
 
S

 
J5 

d
 

B
 
W

 rH
 

Q
) 

J-I 
4
J
 

M
 

rH
 

•H
 

E
MH

-H
 

-p -p
d

4->
0

 
-
H

 
s
 

.
CO 

3
r
H

(
D

 I 
O

0
1

C
 O
 

C
7

3
-H

 
4
J
 

1C 
73 

C
 

3
•
r
|
 

CO 
O

 
4
J
 

7
3

 
O

J 
O

1 E
4

-l<
^
 

C
O

 
O

X
I4

-1
 d

 
d

 
C

U
M

H 
01

 
o
 

.. 
0) 

C
U
 
rH

4
J

73
 

t-H
 

• 
0
1

 
CU 

C
O

 
•rl 

10 
JC

 
O

 
C

U
 01

 -H
 

E
 

O
 

- ro
 73 

rH
 

tJN
 

rH
 

-H
 
It 

—
. 0~> 

0) 
• 

01 
O

t 
.
 

r
H

r
')

r
H

r
H

4
-
^

t
 5

 
7

3
 

4
J

r
H

^
>

 1
 

0
 

D
1

 
CU

-H
 

O
d
 7

3
 

CU
rH

 
C

 
&

 
O

l 
-rH

 
tH

 
0) 

fO
 

D
J C

U
 

O
0

 1
 

r
H

f
O

d
j Q

 
•H

 
C

 
rH

73
4
->
 

r
j

E
 

-P
O

E
 
-H

 
-H

 
r-> 

7
3
 

M
H
 

jC
 73 rH

 -H
 C

O
 0) 

C
 M

H
 

r
C

 
0
 
C

 
rH

(0
7

3
7

3
7

 3
 

(
0

0
1

C
U

E
 E

 
1

 
1 

73
 

01
 tT

-H
 

O
 

rH
 

•a 
-rH

 
O

 

rH
 M

H
 73

C
 7

3
 

C
(0

 
(0 

3
 
>
.

4-1
 -H

 
0) 

C
 

rH
 

<O
 

CTi 
CO 

O
 

r
H

O
-
P

4
-
>

E
r
 H

in
 4-) 

rH
 

C
<

 
•

^
fj 

 
r
t
4

-
>

-
H

r
-
|
7

 3
 

E
 

d
d

to
c

o
c

r
tto

E
c

u
c

 o 
•>—

 
rt 

-P
 

7
3

 
d
 

JC
d

 
o 

rH
^
-4

->
 

T
J
 

I
E

J
C

 C
 

>
. d

CO 
-H

 
CU

 
CU 

o
 d

 
t

o
-

'H
c

 u 
c

 u
 

o
 

 
S

5
n

C
u

 >
 

d
 7

3
 tn 

C
 

C
U

c
 
3

•H
 

U
 

^
 

 
0)

-H
 

CU
 
«
H

 
d

M
H

rH
 

0
1
 

I)
 

• 
O

 
w

S
O

0
-
H

l O
 

O
(

0
-

P
O

7
3

4
-

>
0

1
 E

 
rH

4
J
 

-7
 3

 
-H

IO
C

O
C

U
-H

C
 U

 
X

 
X

 
10 

Q
-4

 o
 

U
 

r
t 

rt 
O

J
 

SH 
3

 
JH

3
 
C

73
 

E
 

>_
 
^

73
d 

d
 

w
 

[V
] 
|
 

••
(0 

l 
W

 
0) 

(0 
[
 
1

 
C

f 
j 4_) 

s
 

>
 

tn
-H

M
H

rH
 

S
3
 

cn 
01

O
 

CO 
rH

 
CO

rH
 
0
 

-H
 

C
 
tT

"H
 
>
, 0

) C
*T

^
 

N
 7

3
 

!H
 

C
U
 

0
 

rH
 

r
t7

3
d
C

X
jQ

O
r
-
l

73 
-H

 O
 

a
3

c
c

u
d

i n
 

 
-
H

 
C

 

(0
7

3
rH

 
>^73

MH 
CO 

CU
 

4
-1

 
0

 
•• 

&> 
ri; 

cu 
-rH

 

E
73

rH
 
C

 
2
 

• • ^^
 

o
 

(0
 

J
j 

 
E

M
H

 
O

O
-H

-H
 

iz; 
Q) 

CU 
7
3

01 x; 
C

 
•H

 
C

 
*3

a 4-> 
M

 -H
 

rt 
rH

 
(

U
d

C
U

O
 O

 
-
H

M
4

-
1
 

j
-H

 
<

d
 

10 
•P

 
C

O
 

O
 

-H
 
O

 
rH

u
 

-H
 -H

 
rH

 
E

 
O

 
C

O
 

fe
,

c
 

CO 
C

 
CT O

 
d
 

a
4
->

 
O

 
JH 

C
O

 
3
 

rH
 

7
3
 

01 73 
(0 

J
C

 
rH

 
d

 
1
 

0)
x;

d
C

l
C

 O
 

( 0
 

d
7

3
7

3
r
H

(
 0

 
CO

 
n
 

rH
 

**>- 
r-3 

.
 -H

 
C

 -H
 -H

 
in

 
O

 
D

1
N

 
c

.. 
4-1

 
O

 
0
) 

Q) 
 

(0
 7

3
 

V
l 

O
i VO

 
M

H
rH

 
U

 
a
 
d
 

cu
 
tn

3
 a

 
7
3
 

cu
 

4
-
>

5
O

ir
H

C
U

-
H

r
 H

 


H
 

0
3

 
01 

01 
Q

) 
• 

rH
 ̂

 

-H
 

01
 

t5
 
-H

 
-H

 
C

 
MH

c
 

•H
 

C5 
-H

 
I 

n
 cu 

"-
O

 O
J 

H
 

rH
 

Q
 

w
 

Q
 

«O
 

O
J 

O
 

C
 

C
U

 
-H

 
rH

 

rH
 

O
l 

-H
 
E

 
d
 (0

 
jd

 tn
 

4-1 CU 

•rH
 

C0
 

-H
 

CU 

(0
 

Q
 

•
H

r
H

0
1

4
J

d
C

 E
 

•
C

O
C

O
r

H
4

 J 
O

l 
rH

 
d
 

d
 73 M

H
 

H
 

I
t
 
|f̂

 
*
 

rH
 

U
 

S
^

r
H

-
H

M
 H
 

,-i-H
 

(0
 

O
lr

H
r
t, 

10
 

<0 
E

 
d

 
C

 -H
 

CU 
0) 

Q
 

•H
 

^
•
r
l 

O
 

C
U

 rH
 

0 
c 
-H

 

(0
 
rH

0
 

4-1
JC

4-1
E

 
>
i 

o) w
 

•
rH

01 
C

 
01

 
fc,

(
>
i d

 
O

 d
 

r
t
T

 3
 

0
1

0
)
r
H

<
C

 E
 

cu 
rH  
C

U
 

>
, >

i 
C

U
 
-H

 
-H

 
CU 

T
10 

73
 

0
1
 

O
-rl 

(0
 

 
x;rH

cc4
->

a
)M

-H
c u 

4-1 
Q

c
MH 73 

O
 

• 
C

d
 

JH JQ
d

 
W

 
x: 4-1 

D
O

 
-


4-1
 

C
 

Q
 

O
.
-
 

r
H

-
H

>
,
O

l
 E

 
•-! 

M
H

 
cu 

•H
 -H

 4-> 
fX

i 
tji 

•
E

t
y

^
t
 O

 
,
J

-
r
H

l
O

C
O

j
 Q

 

pa 
>

 
U

 
3

 J
C

d
JC 

Ss 
0) 

E
 

10
E

 
rH

 
Q

)
 

U
 

73
 

0
1
 d

•H
 

1 
C

 
73

 
>H 

10 
C

 
l4

fl)7
3

7
3

«
-H

jC
 3
 

•H
 

d
 -P 

4-> 
d

 d 
v-i JC

 
Q

) 
>

 
O

 
C

U
 -H

4-1
 

CU -H
 

O
C

U
O

l-
H

O
C

U
C

T
 I 

M
H

4
->

rH
 

CO 
OJ 

EH 
.c 

rH
 

rH
O

, CO
4-> 

CU 
O

, d
 

EH
 

x: 4J -p
•H

•P
 
JC

 
jC

rX
 

r
H

n
C

C
i
n

X
 ; 

d
 

tr> o
 

w
 

4-1
 
7
3

E
7
3
 
rH

E
 -P

 
4-1

 
E

 
W

 
4-1 

01
 

O
7
3

tn 
oi 

4-1
 

(0
 

C
U

 -rl 
C

U
 tO

 
fO

 
4-1

 
VH 

-
 
01

 
rt 

co 
u

 
•H

 
C

 
1 

c cu d co 
d
 

CO 
01 

C
U

 
W

 
0) 

(0 
C

O
 

7
3

 
It 

(0
 

c
u

c
u

x
iO

M
^

c
rijC

v
D

-H
o

c
 c 

£
 

10
O

J
(0
 
>
i

O
 73

0)
73

-rH
 

rH
 

E
H

 
S

 
S

 W
 

S
 S

 
S

-
Q

-
P

J
 2
 
d

 
—

'
O

 
C

 S
t
i
W

 M
 

0
0

 

73



inffiHCM
 

iH
 

1CO
 

CD
 

U
l 

O•0(H
 

0ois
 

T
J 
C10 

54 
0) 
-P

 
CO 
S<4H 
0
 

innati, Ohio. 

ng Solid 
/Office 
Id-Vapor 

0) 
C

C
-H

 
•HC

O
 
rH

 

TJ 
cO 

c
 

in 
CO 

permanganate and 
asured by cold 
Hg-3 analyzer. 

med by analyzing 
rking standards 
standard, and 
ral blanks are 
es are analyzed 

4
J
 

o
 

-H
 <

 
0
 

0) 
O

E
0)

5n 
O

 
3
 

EH 
in

c 
-P

fii U
 

o
3

E
 

(0 
o 

:? 
Q) 

TJ 
CO 

tt 
•H

-rH
 

CO
w

 
to c

•H
 

4-> 
<4H 

0
 fl) 

O
 

O
 

in
U

 
r
j 

rH
 

iw
 

O
 

10
C

 
O

 
5-1 

0) 
C

 
O

•rH
 

0
4
 

>
1

 
rH

 
(0 

1M
-H

 
10 

Q) 
3

 
fl) x: 

fl) 
O

.H
 

u
 

tr< 
rH

 
.. 

(0
 

• 
3

 
3

 4J 
X

I T
J
 

a
-p

 
54 

5-1
a
 

PH
 

O
 

CO 
1

 *] 
in to

JJ
4
J
 

O
 

0) 
d
i

3
 

^
H

 
c

w
 

H
^
"

 
C

O
 

Q)
O

 
(0 MH

<4H
 

T
J 

O
 

s
 

«. D> 
10 

(X
 

•iH
 

O
fl) 

• 
T

J 
w

 
j_i

°° E
 

C
J
^
-H

 
•H

 
0
 

5n 
C

 
T

J 
0
 

rH
 

O
rH

 
C

 T
J

X
! 

^_l 
C

 
>
i 

3
 

C
 

x: 
(0

 
rtj
—

.
(4_| 

,̂
 

•H
 

4-) 
fl) 

4->
 

O
 

O
W

 
54 

CO 
4
J 

O
DJ 

*
rH

 
5
4
 

4^ 
t>i 

rH
 

O
 

-H
 

(0
m

 
0)

-H
U

 ̂
 io

•H
 
3
 

C
 X

I
S

a
 a) 

•P
 

5-1
Z

 Q
)

in 
£
 

E
Q

) 
TJ 

5H
 

U
 

E a
 

<0 
3
 

x:
0) 

fl)
3
 
0

a
 

>H 
)H

 
U

C
 

CO 
CO 

5n 
U

 
V^ 4

J
 

^
j 

^
x:

.
trx

.
<

 
0) 

TJ 
Q

) 
O

 w 
X

I 
0

0
 

•rH
 

n
 

IH
 

u
_
*

•H
 
-p

 
I 

S
 

4-> 
CO 

-H
 <

 
a

 
0

O
CO

C
 fl)

H
 

1
 

C
 

U
)

4-»
TJ 

rH
 

<d 
c 

10 
JH 

o, 
j_i 

CO
x: s

 
O

 
•H

 C
O

 
(0

 
0) 

C
 

(0
 

P
-l 

-rH
 

.
 

[••* 
id

 
o

<Tt
u
 

T
J

-P
 
O

 
O

 
•

M
 

5-tx 
iH

o -P
O

 •* 
T

J
^

-H
 to 

10 
3

•H
 

EH 
W

Z
 
t>

 
fl) rH

X
 

Q
) 

>
i 

rH
 T

J
4-> 

TJ 
J_l 

•O
 

in
X

I 
fl) 

C
 

(0
0
 

CT> 5-1 
(0 

5-1 
C

 
4
J
 

rH
 

T
J

O
5n EH 

Q
) 

TJ 
-fH

 -H
 

•H
 -P

 
4-> 

CO
0) 

10 
10 

O
 

o 
0
 

-P
 

0
 

E
 

>H
>1 

C
 T

J
TJ 

Q
)
S

 
0

x:
(0

a
 

CO X
? 

5-i i *
X

) 
E

 
0) 

C
C

 rH
 

1 
s
 

CO 
•

T
J 

-P
 

a) 
u
 

0) 
O

 
E

 
<0

a) 
a

.
 

~
 

0)
>

 
M

a
 at 

4J 
3

T
J

X
3 4

J 
3

 
-P

a
s
 

10 
Cr 

S
T

J 
CO

J3
 
S

 
fl) T

J 
0)

-P
 

O
 

5-i 
in 

0) 
CO 

0) 
rH

 
K

 
0)

T
J 

CT> 
*•—

' 
T

J 
C

J
j 

X
3 

4
J
 

TJ 
in 

rH
 
rH

 
in 

0
c a

 
in 

tT
n
 

a
 

*
•H

O
 

.
 

U
 

rH
-H

 
0

 
c
 
c

•H
 
O

E
 

>
 

O
^ 

>
U

 
• 

U
 

-H
 T

J
rH

 
5-1 

M
 -H

 
r-l 

cO 
f^i 

P
S
. 

fl) 
•
 

C
 Q

 
C

0
 

>
i4

->
 

C
 

10 
^

p
rH

 
<C

0
 

5-1 
O

 
5-1 

ro 
>>

^^
 

u
 

tH
 •—

 (0 a.
•H

 
•» 

5n 
3

 Q
) 

•• 
0
 

j^ 
<M

 
M

 
3
 W

 4-> 
C

 
3
 O

 
..o

 a
 

in >
4-1 

0) 
O

 
0) 

o
c
 

-H
 

O
 

O
-
r
H

 
10 

5-1 
(0 

0) 
0

 
>

 
S

 
.

CM
 

(0
 

T
J -P

 
J_l 4

J
 T

J 
0) 

54 
fl) 

Q)x: 
O

s
 

fl) 
tT

1
 

0) 
U

•rH
s
 c

 
3

 
L
j

in 
o 

• 
W

 
CL| 

1
 

^
—

' 
••

 
C

 
S

 Q
)

U
 

o 
T

J 
O

-H
 T

J
4-1

 o
\° 

2
 

W
C

T
i 

in
T

J -H
 

E
 

CO 
• -H

 
0) 

E
in Q)

(0
 

r-
>
, <u

c
 x: 

O
 

Q
) -P

 
u
 

>
i.V

X
I 
0

 
Z

 
*-̂

in
 O

o
 

in 
.. T

J
0

4J 
a
 

O
 

5-1
•H

 
O

 
rH

 
CO

 
T

T
3
 C

 
O

 
C

O
 

C
 

•H
 

CO 
5-t 

54 
O

 
CO 

fl)
X

I 
CO

 
*• 

1 
O

 
Q) 

Q
) 5

 
o

 
in

)_l
ItH

 
O

 
D-* 

c
 x:

O
 

<H
 

*«
^
 

rt 
0)

O
 

5-1
 

5-1
 CO 

•H
 

C
O

-p
rH

 
V

) 
^j 

CO 
0

 
CO 

O
 

m
 

0
o
 

Q
) 

fl) 
1 

-
4-» 

-r-l
3

 X
) 

rH
 
3
 

0) 
r<4 

0
 

c
ID

S
 

**H
VD 

0) 
Q

,rH
 

C
10 

ro 
O

 
0

>
i in 

>
-, 

••̂
 

1 
fl) 

1 
1 

Q
)
^

 
^
j 

•H
 
rH

 
5H

 
1M *w

X
I -H

X
I 

0
 

CM
 

rH
 
«

co 
in

 
r-t 

Q
)

T
J 

Q
) 

U
 

4
J
 

-P
 

C
 

^
TH

 
S

 
01

0
. 

f 1 
ff

 
(0 

• 
U

 
5

C
Q

j-rH
 

C
 T5

T
J 

C
•H

 
Q

) 
KH

w
in

 
rH

 »^ t>~ •^*-
in 

(0 
g
 

O
 

C
Q) 

O
£
 
3
 

..
 

W
 

O
 

TT 
(0 

LO
 

Q) 
a) 

in 
E

 
0
 

U
 C

O
•rH

 
-H

 
tr 

•0
 

Q
 

OS 
(M

 
C

 
T

J 
3
 

Q
 

(0
a

3
 

-P
 

UH 4->
TJ 

Q
) 

•H
 

(0
 

Q) 
5n 

•̂
"1
 »

V
 

i>
 

0) 
O

 
.
 

o
 

•H
 tr 

«.
•rH

-H
 

ro 
4-J 

C
 

54 
5-1 

1 1 ij [ 
N

 
>

 
O

 
T

J
 

(0
T

J
-H

 
• 

rH
 -iH

 
TJ 

W
 

>_J 
10 

•H
 

O
fl)

O
 -P

0) 
O

 
C

 
O

 
>H

3
in

 
5-1 

-H
 C

O
0) X

)
ra 

0) 
0) 

EH 
X

I
4->

_rj -H
ij

 
y
^
 

_
^ 

x: fl)
M

-l
(0 

O
 

rH
 rH

>
 
-H

a
 ro

 
IT

 O
 

W
 

4->
in

4-> 
TJ

in 
u
 

4
J

 4-»
rH

-p 
a
 

CO 
X

! 
rH

 
0) 
J

. 
i
)
 

n) 
0) 

W
 

fl)
ro

Q) 
TJ

(0
 

<4H
 

Q
) 

at 
ro

3
O

 
(0 

3
 

in co 
Ifl 

PU PS 
EH 

2
S

S
 <

S
 

O
 EH

 
s

 s
 

a
 >

 
O

 (0
-rH

 
O

a
 r

o
 



•
 •
 

in 
odology 

y

x: 
to 

-to 
c u 

-P 
O

Q< 
JH 

rH
 

J-l 
CO 

3
 

QJ 
•H

 
to 

<0 
01 

OJ 
-H

W
 

O
 

01
•H 

3 
rH

 
O

1
 to j>,

N
 

4J
rH

 
T

J 
X

 
E

 
a-o

 
rH

 
0
 

-H
 

(0 
QJ X

I 
J>^ 

to
3
 C

 
X

 
0)

(0 
O

a JH 
o 

4J 
rH

 
JH

O
 

to -H
 

4
J 

X
!

• > x:
<

 Q
J 

01 
C

 
10 

TJ to 
XI 

O
 4-1 JH 

n 
)»4 

U
 

i a
 

-H
 

C
 Q

J 
C

-H
<

 0
1
 4->

<D 
O

 
rT

-O
 Q)

rH
 

1 
n 

10 
rH

 to 
rH

 
to 

EH 
Q

 
j_l

C
O

 
rH

 
52

 
H

 
•H

 
Q

J
t
P
 
3
 

(0 
E

 
^

id 
O

 CTi 
O

 
• t"» 

rH
c cn

n
o 

• O
 

<4H
rH

 
O

 
-P

O
 ^

 
TJ 

a
(Q 

tC 
i 

01 
CD 

QJ 
01

55 r» 
QJ 

E 
E QJ 

C7* 
rH

TJ x:
C

 
•c 

0)
X

! rH
 

Q
J 

C
 (0 

rH
 

E
K

 
(0

rH
 

0
0

 
rH

 
•o

O 
<0 EH 

QJ 
TJ 

•H
 

01 QJ 
4J

(0 
»> 

O
 

O
rH

 
D

 
4J 

0
 

E
a
 c

 
01 

C
TJ -P 

U
X

!
(0 

C
 

10 
X

!
_
 

t
 l 

{̂
J 

4
J 

QJ
C

 C
X

 
1 

-P
52 

03 
•

T5 4->
.

QJ 
O

E
 X

!
0

 
E

to 
0) •H

 
^
 

QJ 
E

 
<N

a QJ 
4-> 

3 4->
3

 
3

4J TJ 
rH

 

0
 

2
T

J 
^
^

 C
O

J3
 52 

QJ 
0) 

C
•H

 
T

i 
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